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ABSTRACT

Geologlic structures of the Red Bock Quadrangle, south-central Arizona,
and their relsation to the occurrence of ground water are discuased in this
paper.

- Lithologic units involved range in age from metamorphic rocks of pos-
: aible pre-Cambrian age to Quaternary alluvium. The most prominent units con-
sist of volcanic flows and clastic rocke of probable Cretaceous and Tertiary

age.

A northwest-trending structural pattern, prominent in southeastera
Arizona, is recognized in the Red Rock quadrangle. High-angle normal faults,
possibly accompanied by gentle anticlinel arching or by over-thrusting, are
believed to govern the out:iines of the principal velleys. VWhere measured,
the faults dip toward vslley axes st angles up to 85°. Formetion of three
earth fissures in 1949 is described and hypvotheses of their origin are cited.

Picacho Pesk, e prominent lendmerk, 1s interpreted on petrographic
evidence as a plug of Quaternery (7) basalt piercing voleanic rocks of
orobable Cretaceous and Tertisry age.

Occurrence of vediment srees carved on pre-Cambrian (?) metamorphie
rocks end pre-Cambrian (7) zgranite is discussed in relstion to occurrence of
ground water. Supnlies of ground water in cusntities large enough to permit
irrigation are believed to be present only in the valley of the Santa Cruz
River, vhere Quaternary slluvium is the chief aquifer.



INTRODUCT ION
Location

The Red Rock ouadrangle includes the area between longitudes 11'1015'
and 111°30' west, and latitudes 32°30' and 32°U5' north, epproximately 250
square miles. The southeastern corner of the quadrangle is 28 miles north-
west of Tucson, Arizona. State Highway 84 which approximately bisects the
quadrengle from northwest to southeast, and a graded, unsurfaced road between
the hamlet of Red Rock and the southwest corner of the quadrangle are thé- -
only well-maintained automobile routes within the area other than short paved
or graded roads to military installations no longer in use. Ranch roads
furnish access to most of the areas of rock outcrop within the quadrangle.

Irrigeted farms are scattered along the Santa Cruz River Valley, and
the remainder of the quadrangle is range land. Red Rock, Picacho, and the
Karana Housing Unit are the only settlements with more than one or two families.
“arzna Basic Flying School (inactive in 1349) and two euxiliary fields sre
vithin the guadrengle.

Previous Investizations

There ere only three published records of previous geologic-investiga-

tion of this quadrangle: Reconnaissance mapping done by Carl I:miﬁand&
D. Wilson for the Geo»logic Map of the State of Arizona (1924); brief note:

by G. A. Waring, published in a2 mimeogravhed bulletin, "Ground-water resources
of the Santa Cruz Basgin, Ariz.," by S, F. Turner and others, U. S. Geological
Survey, Tucson, 1943; and "An earth fissure in southern Arizona," by R. J.
Leonard, Journal of Geology, vol. 37, mo. 8, pp. T65-T74, 13929,

Purpose and Scope of this Investigation

Most of the field work upon which this report is based was done during

July and August 1948 as vart of a gzeologic study of the Floy ground-water sub-



" basin of the Santa Cruz River basin. Geologiec work was carried on simulten-
sously with hydrologic studies of the irrigsted areas., but the hydrolegie
date are not given in this paper.

The principal odbject of the investigation was to map contacts between
rock -outcrope and the unconsolidated a2lluvium of the valley areas, and major
structural festures that might bear on the ground-water prodlem. An attempt
wvas made concurrently to obtain an over-all view of the geology of the area.

- Physiography and Drainage

Unconsolidated alluvium blankets all but 30 square miles of the quad.
rangle. The highest part of the valley lands lies along the e;stern boundary
of the quadrangle, about 2,125 feet above mesn seea level, The valley floor
slopes gradually and uniformly to the west and northwest, and the extireme
northwest corner of the quadrangle is slightly less than 1,600 feet above sea
level,

The regularity of this psttern is interrupted by the Picacho Mountaine,
vwhich rise precivitously from the valley floor to a maximum altitude of 4,508
feet at Newman Peak. Within the Red Rock quadrangle these mountains extend

4 miles almost due south from the northern boundary of the.gquadreangle. North

£7 ot the quadrangle théy contimms fdr &out 7 miles, nerroving in-idth-and - -
decreasing in altitude to a range of hills at their nortﬁ;rn extremity.
Slopes in the southern portion are steep, descending from 3,600 feet to 1,800
feet in about 1} miles.

Some 2 miles farther south and just west of the center of the quadrangle,
a range of hills adbout 3 miles long and half a mile to nearly 2 miles wide
is dominated by Picacho Peak, & srall angular voléanic neck that reaches an
altitude of 3,382 feet. Owing to its relative isolation from other high land

end to ite bold and distinctive tonngranhy, Picacho Peak was e landmark before



the Spanish conquest. It is recognizable from distances of 40 to U5 miles.
The southwestern corner of the quadrangle is occupieJ by irrezularly

scattered hills of which Cerro Prietqi/ 1s the highest (2,689 feet). These

7 _
This appears as "Cierro Prieto" on the topographic map. According to

Dr. John Brooks, Department of Spanish, University of Arizona, there is no
Justification for the use of "Cierro" (an enclosure). It appears that the
Spanish word "Cerro" (hill) was intended. "Cerro Prieto" signifies a black
hill, .

-

hills are the northeastern outliems of the Silverbell Mountains, which extend
about 15 miles southwest of the southern limite of the Red Rock quadrangle.
Four smell isolated hills adjacent to the Picacho Mounteins and Picacho
~ Peak, and a range of low hills about & mile long and a quarter of a mile wide
that lie athwart the eastern boundary of the gquadrangle, make up the remaine
ing known rock outcrops,
There ere no nermanent sireams in the areaz nor, sé far as is known,
eny springs thst can be devended unon in periods of even moderate drought.
Drainage of the area is by a few intermittent streems whose courses
are incised a few feet to 10 or. 20 feet below the general ground level. The. .
northeast part of tye;quaarapgle‘ia drained Qy Mﬁblellans Vash, igggyﬁggge”~v
flows from north to south. McClellans ¥Wash turns sharply at the railroad and
from that point flows northwest. It appears that the valxonce;flowed farther
south, rounded the southeastern slopes of Picscho Peak, &nd thén turned north-
west along the line of the axis of the Santa Cruz River Valley. The change
apoears to have resulted from consgruction of the rallrczd embankment.
The Sante Cruz River enters the quadrang}e along its southern boundary
st about latitude 111°20% W, Although the river channel is shown on the ouad-

rangle sheet as continuous, the river actuelly fingers out into distributaries
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that cross the Silverbell Rosd, interrupting traffic for several days at a
time during periods of heavy rainfall. los Rotles Wash, parsllel to and
ebout a mile west of the Santa Cruz River at the southern boundary of the map
ie similarly erratic in channel snd equelly subject to intermittent flood-
ing. Los Robles Wash drains the Avra-Altar Valley., Thie vaelley lies south
of the Red Rock quadrengle, and west of the velley of the Santa Cruz River,
from which it is separated by the Tucson Mountains,
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ROCK UNITS

Sedimentary Rocks

Paleozoic (?) Rocks

Some mineral prospects along the base of Picacho Pesk are in or adjecent
to 1rregg1ar, partly metamorphosed blocks of limestone in outerops too small
to map on the scale employed. The lithology o{~the limestone and the presence
of numerous chert nodules, apparently original in.it, suggest that the blocks
are Paleo;oic limegtore broken from strata at dépth and carried upward by ris-
ing magmas to their present position within the lavas.

Cretaceous (1) and Tertiary (?) Rocks, Undifferentiated

Near the southeastern tip of Picacho Pesk is a smali ares of conglomer-
ate and sandstone, apparently conformably interbedded with volesnic rocks.

.The beds consist of pebble and cobble corglomerates and srkosic eandstonee.
Their total thickness is approximately 300 feet. About 80 percent of these pebbles
ﬁnd cobbles consist of volcanic fregnents thet renge in size from chips less
then 1 inch in diameter to cobbles about 12 inches in diameter, end in shape
from angular to well rounded. The remaining 20 percent of the fregments is mede

- ap cf«partlrtounded«i@s -of-micacecus echiet-1-to U inches in diameter, brown

A

4 quﬁrtzite similar so end. p&rmfhglonging to. the

Bolsa quartzite (Viddle Cembrian), scattered pebbles of coarse-grained pink
granite, and laminated brown limestone. -
Beéause the volcanic rocks are believed to be of Cretaceous and Tertiary
' age, the sediwentary bede ere similarly designated. There is indication in
drillers' logs of some of the wells in Santa Cruz River Valley that sedimentery
’ rocks, tentatively asesigned to the Tert;ary gystem, lie below the vslley allu-
vium. The well logs show that these strete consist of a few feet to a little

more than 100 feet of hard clay, brown shsle, or conglomerete. Records kept
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by the drillers are not sufficiently complete to reveal the stratigraphic se-
quence or to permit correlation of beds from one well to another. It is pos-
sible, however, that the sediments that crov out on Picacho Peak may be directly
related to those enceuntered in wells beneath unconsolideted Quaternary
alluvium.

Quaternary (?7) Rocks

Two sequences of sediments tentatively assigned Quaternsry age occur with-
fai . the quadrangle. The older is a series of gray or buff sandstones with
lenses of conglomerate, renging in thickness from 4 to an estimated 200 feet.
These sédiments are exposed in a comperatively small ares at the northeastern
end of the Silverbell Mountains (fig. 2). A severate unit consisting of red-
Aish conglomerate about 20 feet in maximum thickness overlies the sandstone,
Incally the entire sedimentary sequence is represented by L to 10 feet of
residual soil developed by weéthering of underlying (Tertiary ?) volcanic rocks,
end overlain by & basaltic flow breccis of probable Quaternary age. Their
stratigraphic position leads to tentative assigmment of the strata to the
Queternary, probably the Pleistocene.

It 18 believed -that these strata develoned during a pause in volecanie
ectivity in'the ares, dﬁilﬁé‘bﬁicﬁ en erosion surface of cgnsiderdbie relief
was formed on the underlying volcanic rocks. In localities where the sedimen-
tary seotion is thickest the base is not exposed; hence, exact relationships
have not been determined. It is possidble that raising of small blocks of
volcanic terrain along fault zones during the assumed erosion interval contri-
buted to the variations in thickness among the several exposures. Detailed
" study may show their equivalence to lake beds of Pliocene age that occur in the

Sen Pedro River Valley (Moore and Tolmaqf/).

2/

See references 2t end of paper.
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Two specimens from these strata were examined under & binocular micro-
scope. One sample, taken about 50 feet below the top of the section, showed
an estimated 95 percent of quartg, mostly colorless, and 5 percent of biotite,
magnetite, and limonitic grains. The larger grains (about 2 mm.), in general,
are subangular to well rounded, whereas the smaller grains are consistently
angular. A considerable part of the sample was silty. No reaction with dilute
hydrochloric acid was detected.

fhe second sample examined was from the conglomeratic phase about 10 -feet
from the top of the section. Grains larger than 2 mm. are, in general, rounded
to subangular and consist mainly of quartz. Some fragzments of granite and of
various volcanic rocks were found within the 2-mm. renge, but for the most part
rock fregments were limited to the pebble range. -Calcareons cement was present.

Accurate determination was not attempted, but the appearance of these
sediment suggests that some of the fine-grained angular material identified as
quartz in bota specimens actuslly consisis of shards of clear volrenic glase,

The younger sequence of Quaternary sedi~ents includes the unconsolidated

or poorly consolidated alluvium that mantles the major vart of the Red Rock

qusdnanglev~“mha-naxinnn thickness of the material is not known. Available well .

: ndfe f?hal the younger Queternary allurium reaches a &epth -
of about hOO feet o mile mortheast of the Silverbell Fountalns, ir the SE}S®}

gec. 12, 7. 10 S., R. 8 E.,_/ where the driller reported "porous rock" at 377

3/

Township ggd»rahge designations are referred to the Gila and Salt River Base
line and meridian.

' feet, and "malpais" at 40O feet. At Marena Basic Flying School, in the NWiSH}
sec. 3, T, 10 S., R. 10 E., a well was completed at 506 feet without passing
out of alluvium. At Tloy Farms. in the ST#SE* gec. 25, M. 9 S., K. & E., the

log showed aslluvium to the bottom of the hole at 600 feet. No records of



deeper wells in the quadrengle are known.

Izneous Rocks

Intrusive Rocks

Pre-Cambrian (1) rocks.--The extreme southwestern corner of the Red Rock

quadrangle is ocgupied in part by a pediment surface of pink or, locally, gray
porohyritic granite. Th; ground mass is coarse-grained normai granite in which
appear orthoclase phenocrysts ebout an inch in diameter. ¥o apparent differ-
ence in structure or t€§ture of the rock accompenies the color changes. ”?p-
litic;phasesﬂwere dbserved, but they are small in area. This granito'extqads
for several miles to the'sough and southeast.

The geologic map of Arizona does not show granite crooping out at the
northeastern margin of the Silverbell Mountains. The map does, however, show
e granite assigned pre-Cambrian age farther south in the Silverbell Renge. No
relationships were observed in the Red Rock guadrangle that would establish the
age of the granite, but it is a2ssizned to the pre-Cambrisn (?).

Quaternary (?) rocks.--There ere three types of small intrusive bodies

in the quadrangle that are tentetively sssigned Quaternary sge. At the souih—

u-weetornaeorngr~of -the- quadrsngle a dike of gray andesite porphyrymhas~beon~1n-<w~$~~

o Juty L'“yli) ¥olcanic Tocks. The dike rangus fromilg'
in width, strikes sbout N. 45° W., and is vertical. It has not been traced
from tha@lavas into the granitic pediment, dbut is known to continue southeast,
off the limits of the Red Rock quasdrangle, for at least a mile.

QSewerél outerops of diabase, too small to map on the scale uéed. are .
exposed in gullies that cut back into the Silverbell Mountains, notably in the
st sec. 29; P, 10 S., R. 9 E. The rock weathers rapidly and exposures ;re

poor.

Numerous dikes and small intrusions of basalt and disbase occur in the
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Picacho Mountains, though only a few are found within the quadrengle. In geveral
areas north of the quadrangle, basaslt dikes were observed to continue as flows
over an erosion surface developed upon metamorphie rocks.

The central spire of Picacho Peak is & small anzuler mess of olivine basalt,
apparently a volcanic plug. It is about 1,000 by 2,000 feet in horizontal di-
mensidna and 500 feet high.

Extrusive Rocks

Crataceous‘(?)waﬁd;meitia:z-(f) rocks, undifferentiated.--The larger part

of Picacho Peak consists of a series of basic to intermediate lave flows, tuffs,
end sgglomerates. A thickness of 1,200 feet was estimated for the exposed part
of a series of flows occurring between unconsolidated alluvium at the base of
the peak and the bage of the central intrusive soire on the south flank of the
peéeak.

antative assignment of Cresaceous 2nd Tertiary sge for these rocks is
rede by analozy with similar rock series in souvthern Arizone. Schrader
(1915, pp. 70-75) described lavas of both Cretaceous and Tertiary (¥iocene 1?)
age, characterized, in genersl, by increasingly acidic composition upward in

- -the -co lumn:--Quaternary volcenics of southern Arizona are generally endesitie -

Brown (1939, pp. 715171h and 729-738) described an estimated 4,000 to
4,500 feet of veolcanic rocks in the Tucson Hountaeins, almost equally divtdo&
between the Cretaceous and Tertisry systems. The Cretaceous sequence includes
intermediste flowe, principally andesite, and andesitic tuffe and agglomerates,
which resemble the volcanic materials that form most of Picacho Peak. It
appears, however, that the volcanic sequence of Picacho Peak is, on the average,
somewhat more basic in composition than are the rocks in the Tucson Mountains.

The analogy does not appear to warrant more than tentative assignment to the

Cretaceous or Tertiary, or both.
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Quaternary (?) rocks.--An estimated 900-1,000 feet of Quaternary (1)

volcanic rocks is exposed in the northeastern part of the Silverbell Mountains,
overlying the Quaternary (?) sediments described earlier in this paper. This
_sequence. congists for the most part of basic to intermediate flow material with
only minor eamounts of fragmental rock. The sequence as it apvears on Cerro
Prieto is illustrated 1# figure 2. In the hills west of Cerro Prieto the lover
part of the flows is not exposed. Instead, overlying a basalt that is corre-
lated with fhe”éi&fgfhax tops Cerro Prieto; there is an alternating series
- of three red_ggotiaceous layers and three black basalt layers approximately
200 feet in total thickness (fig. 3). Owing to the rapid erosion of the scoria
and the grester reésistance of the basalts, é knob topograohy is created thst,
from & distance, suggests intricate structure. Actually the structure is
:simnle.

The volcanic section is not uniform throughout the part of the Silver-
bell i'ountains that lies within the erer zre discuswed. North of the Silver-
bell Road (fig. 1) a black besaltic flow breccia directly overlies the sedi-
ments. South of the road the sediments are directly overlain in most outcrops

*%y abont“iﬁewteot~of‘red basalt and -scoria. The scoria, . 1n~tuzn.~ia«osnclainM%

P fa that appears to be identical with‘:’ okl
the volcanic eequence in the hills north of the road. The scoria that un@g:%iedw
the flow dbreccia south of the road is distinguised by the presence of almost. ...

per fectly spherical vesicles, with a diemeter of at least 1 inch in numerous

observed examgioiS‘A
The presence of spherical vesicles in the red-scoria and absenco or red
| basalt north of thgg;oaﬂ suzgest the possibility that, at the time the red
basalt and scoria were extruded, the area north of the road stood higher than
thet south of the road. Avvroximately on the line of the vresent road.there

was perhaps s scarp toward which the red basszlt advanced from the south. The
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flow, darmed agzainst that scarp, ceased moving before cooling of the flow, and
permitted gas bubbles to assume spherical form.

| Three small areas of basaltic flow material between Picacho Peak and the

_Picacho Mountains are probably Quaternary. The northernmost of the outcrops
occurs as a small platter at the crest of a spur of metamorvhic rocks project-
ing southwest from the Picacho Mountains in the SW%NW% sec. 36, 7. 8 S., R. 9 E.,
at an altitude of about 2,400 feet above sea level. A mile and a half south-

}{ west, an iaoiéféﬂipillock stands about 50 feet above the surrounding alluvial
ﬁplain,‘stradd;ing the 1,800-foot contour. A somewhat larger hill rises about
150 feet above its surroundings, likewise on the 1,800-foot contour near the

northernmost tip of Picacho Peak, in the NW* sec. 9, T. 9 S., R, 9 K,
The rocks composing the three outcrops are impressively similar. In-

" cluded are both flow material of basaltic comnosition and basaltic flow bdreccia.
They are almost identical in eppearance and probably are equivalent in age to
hasic fiow breccias cccurring farther north -% thé base of the Quaternary (?)
volcanic series.

Metamorphic Rocks

e e : Pre-Cambrian or Tertiary (1) rocks ... . __.

zones occur only in the Picacho Mountains end outliers. Granitic gneiss, much

of 1t high in%giotite, forms the main mass of the mountains vith'unall areas
of more acidié gneiss, almost lacking in dark minerals. An occasional dband of
micaceous ;;Sist was observed.

Rocks of similar character mske up the hill that lies off the south-
east corner of the Picacho Mountains about & mile from the main range. Approxi-
mately 7 miles southeast of this outlier, on the eastern boundary of the guad-

rangle, there is another low range of hills of similar bdut somewhat more acidic



compoeition. Small dikes of vegmatite occur, trending approximately east.

The sedimentary origin of these metamorphic rocks is indicated by bands
‘of white quartsite and a cleerly defined zonal sequence of hard and soft,
coa.rse-grainad and fine-grained layers analagous to original bedding. There
is 2 suggesticn of relict cross-lamination on some weathered surfaces.

The preveling strike of schistosity ranges from north along the backbone

of the ridge to ¥. 20° E. at the north end. The dip of the schistosity ranges .

‘m&ance is aveilable as to the age of the metamorphic rocks in the

Ko‘
Red Rock quadrangle. Most of the metamorphic rocks in central and southeran
Arjizona are considered to belong to the Pinal schist and related rocks of
pre-Camdbrisn age, probably equivalent to the Vighmu schist of the @rand Canyon.

"On the other hend, Moore (Moore and Tolman, op. cit.) sesigned many of the gneisses
and schists of the Tortolita snd Santa Catelina Mountains, the next two ranges
southeast of the Picacho “ounisins. tc the Tertiary (1) system.

STRUCTURE |
General’

s &e vpg#tern o:l’ dominent structures striking appa:oxmuly noxthmt,hmu

diaplayad in L'he Red Bock oqusdrangle. The trend finds expreuion in a_ mmber

g high-éngle faulte that are believed to govern to an important @groe tho,

g Dhysiography of the ares. The pattern is modified and complicated by numerous

xvt,

- "high-angle faults that strike about mormsl to the dominsnt Hertbwest tremd. -
A few of the faults show displacement mezsurable in hundreds of feet but most
ere of smaller displacement. Other faults of small to moderate displacement
are veriously oriented, esvecislly in the Silverbeil Mountains. Only a part

of the faulte observed in the field hesve been plotted, owing to the reconnais-
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sence nature of the investigation and the small scele of the bese map.

The lowest dip angle measured on a feult was 50°. This wes in the
_Silverbell Mountains on a fault of smell displacement striking N. 15° E. and
dipping to the southeast. The lowest dip angle measured on Picacho Peak was
near the'northwestefn end where & prominent break strikes N. 15° W., and dips

4
73° SW. All the feaults of larger displacerent appear to be within a few degrees

of vertical.

A fault of at least 650 feet of throw is believed to account for the
-presence of a platter of Quaternary (7) baselt on the outlying hill near the
southeast tip of the Picacho Mountains. These relationships are illustrated

in cross section A-A' (fig. U4) and on nlate 1, A.

Picacho Mountains

The northwest regionsl trend is refledted in the strike of two minersl-
ized veins in secs. 21 snd 24, T. & S., R. 9§ E., the latter at the Gold Bell
Vine, The sare trend spoesrs in much of the schistosity of the metemornhic rocks
in the Picacho PMpuntains, though complex local variestions in schistosity were
noted.

~- -+ 'The topography of the Picacho Mountaine suggests that*thsir.strneﬁurné~

:Eég;;rlopupnzjmay diverge markcdly from the regional pab&enx

-

straight east and west margins of the mountains suggest the poesibility of
strong controlling structures bounding the range and striking roughly~north¢

The strike- »f the feult referred to esrlier, section A-A', (fig. U4), was not
4
, 4

'u

determined. One strong suggestion of a northwest fanlt structure is found 1n b

2 pair of reentrant velleys that have northwest-trending axes and that separat€

the hill, lying mainly in sec. 28, T, 8 S., R. 9 E., from the mein mase of the

.mountains,
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Verious !nint patterns poneer in the Ficsche *~untsins., The moct strik-
ing is =2 horizontzl set that affect many of the exnmosures of retamorouic rocks
on the steep snuthern fzce of the range. Viewed from some diertance, tne joint-
ing is so vronounced as to give the inpression that the mountsins are compssed
either of horizontslly bedded sedimentary rocks or of a series of thin hori-
zontel lsva flows. So far as is known, zll rocks offected by the horizontel
Joint set are metemorphic, and the Jjointing has no direct relation to original
structures.,

It ie probadble that there were earlier veriods of deformstion than that
éhich displacés the Queternary besalt of the Picacho Mountains, bdut the present
inveetigation was not sufficiently deteiled to reveel the older structures.

Picacho Pesk

Because of petrogrephic evidemce, a part of Picacho Peak is interpreted
s besalt mess intruded into & recuence of irtermediczte to basic flowsg that
din 2n0 to IO towsrd the intrusive mess (fig. 5, A, B,). Perheps the most
vnucuzal fenture of the relatinnshir lies in tie ctranely angular shene (in vnlen)

nf the intrusive (fig. 1). 7Field relationshirs and evidence suggestive of fault-

ing led to the author's original interpretstion of the structure as a small

bounding faulte. The prese%b of & basalt breccia sevarating the central 8]

of Picacho Pesk from the f&ovs, and slickensiding on the near-vertical face of
the spire, supported this interpretetion.

*etes - s Kriloriented dpecimen was: taken in the field from a.niqpeiin»tgg.venQ}cg§§,‘f,

fece of the central mees znd oriented thin sections were prepared (fig. 5, §).fﬁ‘

These were exsmined only for ewidence of movement by T. S. Lovering,&/ to whom

L

Lovering, T. S., oral communication, March 1949,



the author is indebted for the interpretstion here presented.

Thin sections 1, 2, and 3 (fig. 5, B) were first prepared. Linestion
of feldspar laths througheut these slidee indicated that the movement of basaltic
magme in the volcanic vent, Jjust prior to consolidation of the rock in the vent,
was such that the plane of flow would strike about N. 65° E. and dip about
85° NW. The figure for dip wes derived by resolution of the dip components
shown og-,viﬁhe{gé\_xth and east faces of the sawed block, This relationship was
later essentially coziﬁried by preparstion and examination of two additional
slides, nos.4 4 and 5. Slide 4 was cut as nearly as poseible to the plane of
flow as interpreted from the first three slides exsmined, Slide no. 5 was
tsken in a horizontal plane. Allowing 10° for field error, it is believed that,
at the point where the hand specimen was taken, movement of magma in the dying
?olcanic vent wes oriented 2long 2 plsne striking N. 600-70° E, anéd dipping
80°-85° W,

The rock composing the centrsl spire of Picecho Peak is a nesrly aphanitic
dark~ greenish.gray bvaseslt. No phenascrysts were seen and only a few amygdulee

of soft white calcit.e were observed.

roscope the rock wae tdentified. u an. olivine

it ﬁsﬁwﬂ”

; of & mass of emall plagicclase luthe :
. “orientation, interstitial-mafic miner
ute gmins. and subhedral to euhedral nhenocrysts of olivine.
Olivine grains meke up only about 1 percent of the rock. The

ldgpar lathé:have been sericitized to such an extent that speci-A
fic identiffcation wes not possible.

7% EE Irregelar magsep: of calcite reachipg: diamﬁprs* of 4 o 2
millimetere occur throughout the slides. These*caiciﬁte'&ﬁaasbs
are partly replaced by quartz. Quertz is also found in veinlets
that, in genersl, trend within 10" of due east, although this re-
lationship is not rigidly constant. Several veinlets were ob-
served to terminate against masses of calcite in which partial
replacement of calcite by ocuartz hed taken place.

.

¥o fresh olivine grains were found. The original olivine is
identifiable primarily from the charscteristic shape of the grsins.
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It has largely been rerlaced by a quertz mosaic, although rims
of originel olivine or of olivine altered to iddingsite remain
about the quartz in some grains.

In genersl, the rock shows the effect of consideradble alter-
ﬁation. The outlines of feldspar laths remein clear despite the
‘fact that the feldspar forithe most part has besn altered to seri-
cite. A distinctly lesser amount of alteration to chlorite was
observed. There are local areas, many of them adjacent to masses
of calcite, where the rock has weathered to clay. No clay masses
with a diameter of more than about 1 millimeter were observed.

The relationships described above suggest the following

sequence of #vents: solidification of basalt in the’ﬁolcaam

vent; sericitization ‘and chloritization; introduction of calcite;

introduction of quertz; weathering, including formation of clay.

The esharply ridged and serrated topography of the group of hills referred
to a2t Picacho Peak ig believed to be governed by two majér fault seis.' The
fsults with greater displacement trend approximately N, 45° W, and ere almost
vertical. Five step faulte have been mapped, two on the southwest and three
on the northeast side of the peak, and they have raised a central block at least
1,400 feet above most of the surrounding terrain.

The relation between faulting and the basalt plug discussed above is

not clear. It may be that the scarp faces bounding the intrusive result entirely

~ﬁ'om removal- of the. dippingilevsdthat n:igina.lly cgngtjbtmed the cone, . It
' hay be ‘that’ f*??"’?f 151 Eonegxte ' : :
of the spire, and that‘ su’bsidence of the area immediately vur!‘o ing tli'e\ ;c;lid
basalt plug took place at some time after cess&tioa.of volca.nic actiwity, the
walls of the former vent providing gones of weakness along whifz the rocks

" as .

yielded. 'I‘his follows the genera.l';aatt':ern of ; :m;il colia‘;;e ca.idera. excopt
for the presence of a stable central mass of solid basalt. This hypothesis is
supported by the fact that flows on at least two sides of the central spire dip
inwerd toward the spire. By tracing the oxidized tops of flows, it becomes

apparent that the block immediately southeast of the intrusive stands about
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200 feet higher, relatively, than the block immediately southwest of the spire,
the two belng separated by a vertical fault that strikes N, 20° E. On the |
southeast block the flows strike N. 20° E, and dip 30° NW, On the adjacent
(southwest) block, flows strike N. 50° W. and dip 20° NE.

Another explanation for the central spire may be considered. It is
conceivable that the basalt solidified in the vent during the dying stages of
activity of the volcano end was then partly extruded as a solid spine. The
formetion of spines of this mature is mormally.sssociated with acid volcanic
rocks rather than with rock as basic as that of Picacho Peak. Day and Allen
(1925, pp. 33, 34, 40), however, discuss the possibility of a comparsble but
less extreme movement of a solid andesite plug in the main crater of Mt. Lassen
during the eruptions of 1915.

A second, and probably later, series of faults strikes from N. 15° ¥. to
N. 30° BE. These faults are greater in number but smaller in throw than those
which trend northwest. The second set of faults is believed to govern the
sharp serration of the ridge. They ere too numerous to map on the scale

employed in this investigstion. Only the most prominent are shown. Most of

e eeandly

SW: sec. 22, T. 9 S., ‘R. 9 E., beginning on the edge of lava outecrop and

extending southwestward acroes valley fill. The effective depth of vpenetration

vas £00. feet.. The regulting curves indicate. g sharp change ip resistiyvity st

about the point where an agssumed fault had been mapped on physiographie
evidence., It is believed that, so far as the geovhysical data go, they supgor&
the concept of a fault striking approximately N. U5° W., which bounds the range

on the Santa Cruz Valley side.
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On the assumption that the youngest rocks affected by faulting are
Quaternary, structural movement must have taken place in Quaternary time.
The assumption of late Pleistocene or Recent movement finds support in the
liééle-dissected fault scarps visible at several points along the ridge.

Silverbell Mountains

A complex fault pattemcan be traced throughout the Silverdell foothills.,
It affects all rock?win the area end some movement must, therefore, have taken
place inAPleistocéhe or Recent time.

With one possidle exception discussed below, all faults noted dip at
engles ranging from 50° to vertical. Two strong faults trend generally north-
west. One marks the southwest boundary of the range of hills north of the road,
the other, perhaps continuous with the first, controls the steep northeast slope
of Cerro Prieto and probably forms the northeast boundary of the hills that lie
Just east of Cerro Prieto. A second set of faults trends northeast: These are
more numerous than the northwest-trending fsults but appear to be of smaller

_throw. They are clearly marked by displacement of recognizable units in the

volcanic sequence, by zones of breccistisn exposed in small gullies, and dy the

rner of the sres, granite créps;oﬂt¥iﬁ tgb
and volecanic rocks form the higher country. The wlcanic rocks show much sheet-
ing brééciation. an¥ oxidation, especially within a flat-lying zone about 10
.. -Teek thick that is exposed in some of the washes in the area. _A;dig,qf,}o? to?ﬂ
15° SW. is suggested. IExposures are so discontinuous and small, however, that
.detalled study was not possible.

The red basalt forming most of the southwestermnmost hill shown on the
geolégic map has been sheeted. the nartings dipping southwest from 150 to 55°.

The crest of the same hill 4s marked by a vertical dike of gray sndesite
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porphyry about 50 to 75 feet wide. The dike has been offset horizontally in
several places, but in only one place on a scale large enough to show on the
map (fig. 1; width of dike exaggerated on map to show structure). Each suc-
cessive block has been moved toward the northeast relative to its ne1ghbor1ng
block on the northwest.

In the valley immediately east of the hill just described, grenite is
exposed from the base of the hill to the axis of the valley. Granitic material
appears locally as c©liffs, each about 5 feet high. These outcrops are crumbly :
and show irregular bands, about half an inch thick, that are imrallel in strike
to the upper margin of the outecrop. Flat surfaces dip about 50° SW. The
mineral grains composing the rock are notably angular and little decorvosed.

It 18 not qlear whether these outcrops répresent blocks of granite picked up
with the surrounding volcenic materials during overthrusting, or whether the
rock results from slope deposition end cementation of mineral grains derived
by weathering from uﬁderlying granite, In some localities basalt appears on
the slope above the granitic cliffs and basalt of a different aspect is present

in pockets below. Granitic material can be traced, with 1nterruptions due to

overwash ot volcanic- debris; from a low hill “f aolid gxanite in the cen Lor 'of

"the Sn} gsec. 36 to a point well tround %he,%aﬁth'slopo Qf § hill “ou
mep area. A comparable low granite hill lies in the NW}SH} sec. 35. At the
northern end of the hill a nearly vertical fault strikes about northwest. TH@ o
_southwestern block is downthrown. .Along this fault, granite.on the northeast. . ,
1;71n contact, at the present ground surface, with volcanic rocks on the south-
west block.

Relationships outlinel in the preceding parsgraphs suggest two possible

interpretations. One is that an erosion surface of relatively low relief was

created on granite of pre-Cambrian (?) age. Dedris accumulated on slopes close
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to its place of origin in fragments spnroximating single minerzl graine in size
and was cemented into a slope deposit displaying e generally sheeted texture.
Eery basalt flows filled hollows on the granite landscape but left some hills
of granite exposed. These granite hills were covered by later basalt flows
that spread across the surface of both the hills and the basalt-filled pockets.
Such & sequence of events would account for those localities where "sheeted
granite! lies on slopes with volcanic material both sbove and below. At some
still later time, high-angle feulting brought fresh gfanite into contact with
volcanic rocks, as described earlier.

Another possibility is that some of the volcanic rocks in the southwestern
corner of the Red Bock gusdrangle have been overthrust uvon a granite bssement,
and that the low cliffs of "sheeted granite" are imbricate dlocks incorporated
within the lower zones of the volcanic seouence during overthrusting. Under
this interpretation, the consistent trend of dips of sheeting planes in the
voleanic rocks toward the southwest sugzest overthrusting from the southwest
toward the northeast. The hypothesis would exvnlain the horizontal disvlacement

of the vertical andesite porphyry dike by tear-faulting in the overthrust bdlock,

and the flat-lying zene of brecciation and oxidation, described earlier would
be the sole of the overthrust.
Extension of reconnaissance mapping south &nd southwest of the Red Bock

quadrengle by H. N, Wolcott and F. L. Turner?/ has not discldsed any evidence

s - £, ot et N . W e - L . " . "
P - te .
£ — 3 Y o i .

5/

Oral communication, 1948,

of overthrusting in the part of the Silverbell Mountains north of the El Tiro

Y{ne,
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Indications of Valley Structure . .

The northwest trend of major high-angle faults at Picacho Peak and in
the Silverbell foothills coincides with an apparent regional structure pattern
that is displayed on the geologic msp of Arigzona by marked northwest alignment
of mountain ranges and major valleys. It is probable that in the Red Rock quad-
rangle such faults determine the margins of the Santa Cruz Valley both on the
southwest and, in part, on the northeast. The inference is that the. broad
intermontane valley is, in pért. a ét;;ped graben:trough or a ramp valley,
depending on vhether the undetermined absolute move?ent involved dropping of
the valley blocks or raising of the bordering mountain masses.

The relstionship between.the hills at the northeastern tin of the Silver-
bell Mountai;s and Picacho Peakvrequires more study. If additional investiga-
tion makes possible a2 correlation of some of the wlcanic flows in the two
localities, then several structursl possibilities may be vostulated. It is

notewortay that on tiae southwestern side of Picacho Pesk most of the volcenic

rocks, and the interbedded sedimentsry strata as well, strike about N. 50° W

and dip northesst. In the Silverbell fbothills, although the structure of the

abont 20° sw:
Aseuming that the sequence ‘it the Silverbell foothills can be correlated

~'_yitgp,gﬁogg.gg%&te flows of Picacho.Pesk, three poseibilities may be advanced .

. fqaeiﬁléiﬁ éﬁé:rolationshfps. These are represented in figure 6, A, B, C, a&s
structure sections along the line B-B' on figure 1, matching key flows being

agsumed.

Figure 6, A, diagrams the possibility that Picacho Peak is a remnant of
e once-continusus volcanic sheet overthrust upon a granite baserent, and sub-

sequently bdroken by high-angle northwest-trending faults, ts proiuce a stepped
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graben or ramp valley.

A second possidility is diagrammed in figure 6, B. Here Picacho Pesk
is pictured as a remnant of the northeast limb of a bdbroad faulted anticline,
the Silverbell foothills,representing the southwest limb of the arch. The brosd
valley '1;!:\‘rough. in this hypotheeis, occupies the srees where erosion has removed
the creet of the anticline. It ie highly probable that northwest-trending faults
115 part govern the location of the valley margins and make poseible the known
thickness. in exces# of- 600 feet, of unconsolidsted valley 'alluvhm.

A third possibility is that the divergent dips in the Silverbell Mountsins
and on Picacho Pesk result from rotation on high-angle faults bounding what is
essentiglly a simnle stepned graben or ramp velley. This interpretetion is
illustrated disgrammatically in figure 6, C.

Each of the three interpretations offered above includes as an important
factor high-engle northwest-trending faults, the oreecence of which is estab-
lished. The reconnaigsance nature of the investigetion here reported lesves
the remainder of the structural interpretation within the readmof speculation.

Recent Farth Fissures

On the night of September 14-15, 1949, e 3-mile-long

4 mbout 2 miles west-southwest 5f the Picacho

trend of the fissures was zenerally parallel to the west front of the mount$aing._
The occurrence wae firgt reported by the Arizone State Highway Departnfent vhlm

a.crack 3 to 6 inches wide.opened across State Highway ghi. .The btregk im,ghe. ..

highway asphalt was pert of the central one of three subparsllel, discontinuous °

garth cracks,

The occurrence was examined on September 20 by E, D, Wileon, Arizona

Bureau of Mines, on September 3¢ by L, A, Heindl and O. B. Coulson, Ground



Weter Branch, U. S. Geological Survey, and on October 27 by B. S. Butler,
University of Arizona, and the writer. The following description comdbines the
results of the three observations.

The southwest end of the trace of the fissures was found about 0.7 mile
south of the center of sece 31, T. 8 S., R. 9 E, (fig. 1). Here the creck was
0.15 mile long, striking N. 37° E,

The central trace begen at a poini 0.25 mile north of the center of
gec. 31 and extended about 2 mile to a point a little north of the center of
the eaet boundary of eec. 30, T. 8 S., R. 9 E, The average strike was N. 25°
BE. The third fissure trace begsn 0.2 mile south of the Generasl Lend Office
ouarter-corner monument on the line between sece. 1€ and 19, T. 8 S., R. § E.,
and trended N. 8° E, for 0.9 mile.

As may be seen (fig. 1), the result ie a rude en echelon arrangement of
three subnarasllel traces, two zbout a mile long, the third only 0.15 mile long.
Toward the west the nver-gll pattern 1s slicghtly concave; towsrd the north, it
shows a tendency toward incressing parellelism between the trace of the fissures

and the western margin of the Picacho Mountsins. The course of each fissure

vas zig-zag and irregular 1n detail. but the general trend vas.qnito constant.

The fiseured zones are closely eimilar in appearance ‘and, tybically. trend
nearly at right sngles to the drainage. The area is one of little relief and
is mantled with fine-grained flood-deposited sediments. Vegetation is sparse
and consists of low-growing graeses, weeds, and bushes characterdstic- of the
southern Arizona desert. -

No verticel or horizontal displacement could be detected at any point
elong the fissures. Locally, howevér. blocke of earth as much as 10 feet long
end & few inches to about 2 feet wide were dropped vertically inte the ovenings

to a depth of 6 inches to ebout U4 feet. Slumping was common along both margins
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of the fissures. Irregularly semicircular areas of slumping, 1% to 6 feet wide,
'¥ vere depressed a few inches to about a foot, the outlines of the semicircles
being marked by scalloped patterns and vertical wslls (pl. 2, C).

So far as could be observed, the fissures were vertical., The deepest
probing by Wilson, ‘want to 10 feet on September 20 (Arizone Deily Star, 1949,

P 25). It s probeble, however, thet examineation immediately after the fisgures
opened would have resulted in deeper penetratiqﬁ. On October 27, after two
heavy rains had fallen over the ares, there were indications that locslly the

. figsures were acting as sinkholes, conducting surface runoff to a considersble
depth. At other points along the fissures the outlines were becoming blurred
and the bottom was beginning to fill with sediments weshed in or slumped in from
the walls.

The fissures ranged from sirple open cracks a querter of an inch to 3€
inches wide.to zones of fracture as much as 6 feet wide end conteining as meny
as 1% individusl crecks, which in most pnleces coslesced to form a reticulated
pattern (pl. 2, A and B). Three cracks were observed transverse to the centrsl
fissure, two trending southeast and the third northwest. These cracks rznged

from 254to hO fee$ ia length and near tho‘Jnnction with the main fiseure showed

a fracture gone an efﬁork of 1ntersocting etacks comparable to those of the
mein fiseure.

The fissures died out in a similar ma¥her; central figsures becare
nerrower, and secondaxy cracks disappeared. Finslly the msin cracke-disappeared
in the mud-crack pattern of the playalike deposits.

It is noteworthy that in 1927 a comparable fissure ovened in what is
thought to be the same place as the central one of the three fiésnres that
sopesred in 1849, R. J. Leonard (1929) reported thet the eerlier fissure vas

1,000 feet long, 1 to 6 inches wide when newly formed, 2 to 3 feet wide after
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slumning hed occurred, and up to 1% feet deev. The coincidence of location

of the 1927 fissure with that of 1GUG where it crosses the highway snd rsilroad
1s indiceted by Leonard's statement (p. 765) that the locelity was 3 miles
southeast of Picacho station on the Southern Pacific ﬁailroad. The statement

was confirmed from wemory by Wilsén and Bntleré/ who saw both the 1627 and 1949

o
Wilson, E. D., and Butler, B. S., oral communication, 1949.

earth cracks.

Basing his conclusions on the record of an earth tremor centered 176
miles from Tucson on the night of September 11, 1927, when the fissure opened,
on simulteneous development of cracke underground at Tl Tirc Mine, Sil?erbell
Mountains, about 20 miles from the fissure, and on the absence of evidence
pointing toward another origin, Leonard (pp. 769-770) concluded that the fissure
of 1927 onened as a resulf of structurel strain in nartly consolidated basin-
f411 meterial induced by vitretions set up by an earthquake at some distant
point. Other possible ceuses of fissuring, considered unlikely by Leonard,

were: (l) subsidence over a cevity and (2) readjustment of underlying rock.__“n

? m;'he poseidility of earth vibrations, nm By
earthquﬁke that occurred at the time the fissure apvesred, in combination with

streasec hypothetically preexistent in the valley fill,

¥illism K. Cloud, Seismological Fisld Survey, U. S. Cosst and Geodetic
s AP . oyl . P . . K . o4
Survey, examinéd the 1649 fissure in the field, and examined seismogreph ’
"records for the period during which fissuring might heve occurred. He

concludo@l/ that seismic origin for the 1949 crack spperently could be ruled

1/
Cloud, Williar K., personal communicatinns, 19uUg
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out, end suggested thet fluctuetion of the woter table might be the csuse.

S. F. Turnerf/ suggests the possibility that the fissuring resulted from

8/
Oral communicetion, 19k9,

strains set up by subsidence of unconsolidated 2nd weskly consolidated valley-
i1l materisls off the edge of the *miried pediment. He hopes, as time permits,
to make a series of geophysical pfobes across the fissures near Picacib#ﬁaﬁd
ecross comparable cracks in alluvium discovered near Pomerene and Wlllcq;, Ariz,
in 1948, It is possible that this type ;f investigation will yield defi;itive

" results in the search for an explanation of the earth fiseures.

The absence of any detectable disvlescement, verticsally or horiszontslly
appears to rule out the probsbility of feult movement, at least oniany signifi-
‘cent scale, in the underlying bedrock. The rude en echelon arrangement of the
fissures would, hnwever, favor a feult interpretation. It is nosgsible thet
gentle doming of the eres would result in tensions that might cause fissures
such as appeared in 1927 and 1549,

OCCURRENCE OF GROUND WATER

“=Favorable localities for the development of appreqiabic“supggi‘ gafa‘f_

water indicated by the ge&logic reconnsissance of the Red Rock ouaé;
those relatively near the axis of the Santa Crug River Valley and thoé; in the
northwest corner of the cuadrangle north of Highwey 84 and west of theﬁf?ne of
earth cracks (fig. 1). The important aguifer is uiconsolidated anuiii;u. re-
sumably of late Tertisry and, at the surface, of Quaternary age,

According to records in the office of the Ground Water Bramch, U. S.

Geological Survey. Tucson, Ariz., and information obtsined from ranch and farm

owvners during the investigation, alluvium hes been penetrated by wells to depths
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of 600 feet., Individuel wells in the Santa Cruz Velley ranging in deoth from
400 to 600 feet produce an esrly-seeson maximum of about 3,000 gallons per
minute and an annual irrigating-season average approaching 2,500 gallons per
minute.
R Too few wells have been drilled in the area north of the highway and east
~01f Picacho Mountains to provide definitive date on production possibilities for
that section of the Red Rock quadrengle. However, wells of the Clemens Cattle
VXC";.. east of Picecho Mounteins, yield only small quantities of water from depths
o‘f as much as 600 feet. The main supply of stock end ranch wat;r in this area
comes from wet-weather springs on the lower mountain slopes, and from catchment
of surface runoff in earth tenks. At the time this investigstion wes mede
‘(,}uly-.kngust 1948) runoff hsed been below normal. Most of the tanks were dry,
and the rang'e had been termmorérily ebandoned, except for o few head of cattle
and horses in the foothills of the Picecho Mounteins and in the areas immediately
ed jacent to range camps where small supvlies were pumped from wells,

Eleven miles north of the railroad, in the extreme northermtoothills of
the Picecho Yountains, 2 pediment formed on granite and metamorphic rocks

’the. mountatnu $o the contm

Q!N!B for a.‘oout 1% miles from the base of &

_ ﬂ.ll. The smoothly sloping contour‘s ?xtendif east’ ”%oﬁ@h, ;
from the be.se of the Picacho Mountains within the Red Rock™ quadrangle suggest
’f““‘l;he nossibility thet a rock pediment may exist continuouly around the exposed
npuntein mass. Existing wells have not penetrated degply, enough -to resch )
_ bedrock if it is present es a suballuvial platform. If such & r&ck slope exists,
it should logic‘ally 1imit the depth of effective drilling fér water, for the
rock making up the Picacho Mountains is poorly suited to receive or yield water
in quantity. The pediment surface would probably control a local perched water

table, concentreting whet weter is present in overlying sand and gravel eslong

the rock-2lluvium contect.
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Owing to drought, tkere was no opnortunity for observation of temoorary
seens and springs in the mountains.

The essternmost well of the Clemens Cattle Co. lies about 4 miles from
the Picacho Mounteins. ZFrom that point' to the eastern boundary of the map, in
the area north of the highway, few wells have been constructed. There 1s'a
hole, apparently intended as a dug well, at the northeast tip of the low hills
that straddle the eastern boundary line. The hole reachegggn estimated depth
of 50 feet and encountered metamorphic rock. The hole was dry vhen visited.

The hills just mentioned may be high points on an ancient ‘erosion surface
carved on metasmorphic rock and extending continuwously from the Picacho Mountains
east asnd southesst to the Tortolita Mountains. The Tortolita Mountains are
composed largely of metamorvhic rocks comparable to those of the Picacho Moun-
tains end the low hills. Welle in the valley extend 600 feet into the uncon-
solidated 2lluvium, as noted earlier, without bottoming in solid rock. At
least 800 or 1,000 feet of relief isvsuggested, vertly erosional end partly

structural.

There is record of only one well within a2 mile or two of hard-rock out-

crop adjacent to Picacho Pesk.. This well fsiat the Arizons State Hig

© e

S

ngarta

nent camp on the high

Devartment recordsgf show?

9/
Layn, M., Arizona State Highway Dept., personal commmication, 19u3...

Totel depth of well . . . . . . . . . . . 220 feet

Depth to standing water level . . . . . . 186 feet

Capacity . « « « o« o o ¢« o o o« o « « « . no drawdown with bailer (no
record of pumping tests)

"The well is lava rock at bottom. The water wes in volcanic cinder

formation,"
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Although small vermanent supnlies anneer, from thic informetion, to be
available adjacent to Ficacho Peak.'it is unlikely thet large emounts will Dbe
encountered at compersble shallow denth in the volcsnic seguence, which extends
to an unknown deoth and over an unknown ares. Bounding faults, downthrown on
the valley sides, probably exist st no zrest distance from exposed rock, and
thicknesses of valley fill of at least several hundred feet may occur within a
mile of the outermost rock outcrops.

Approximately a mile northeast of the Silverbell foothills, volcanic
rock is indicated by well records at depths of ablout 400 feet. TFarther out
in the Santa Cruz Valley, wells R00 to 600 feet deep, entirely in valley fill,
ere recorded. Whether the 2lluviur thickens graduslly over a continuously
sloping rock platform or abruptly at feult-controlled drops in the rock floor
is not known from existing data,

It is vrobeble that only along the axis of the Sante Cruz Valley and
in the northwest corner of the ocuadrangle is thne ground-water supnly sufficient
for irrigetion. locel runoff from the Picache Yountasins and from Picacho Pesk

is rapid during times of heavy nrecipitation. Steep sloves and much bare rock

contrihnte to the

; “ed‘oi runcff.r The vravel and sand at the foot-o<”iﬁe tnnk .

\siopeeﬁa at:the‘ gln!of;the‘pediment if one existse, are farbrable for
rapid infiltration of the runoff waters. Except along the axis of the valley,
however, the tributary drainage area sopears to be too small to provide more

than domestic and.stock .water supplies in the upderground resernvoir. .
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